protein-protein or protein-RNA interactions to allow for the known multi-functionality of NS1.
Introduction

H5N1-NS1), which is representative of only a minority of NS1 proteins among influenza viruses
79
as it contains the 5aa deletion in the LR (23). The VN/04 H5N1-NS1 crystal structure showed 80 that NS1 forms a dimer via the RBD, with the two ED domains flanking the RBD dimer.
81
Additionally, within the crystal lattice of the VN/04 H5N1-NS1, NS1 forms higher-order 82 oligomeric structures through ED-ED interactions with neighboring NS1 molecules. Thus far, 83 the structure of the FL NS1 without a 5aa deletion that would be representative of the majority of 84 NS1s has not been determined. Therefore, the effect that a longer LR would have on the relative 85 orientation of two domains and consequently on the quaternary interactions, which may 86 profoundly influence the ability of NS1 to interact with various host proteins, have remained 87 unexplored.
88
To examine how the length of the LR affects the relative orientations of the ED and buffer (50 mM NaH2PO4, 300 mM NaCl, 10 mM imidazole, pH 8.0), and lysed using a 138 microfluidizer. NS1 was purified from clarified lysate using standard nickel-affinity purification 139 with Ni-NTA agarose beads (Qiagen). The beads were washed three times with wash buffer (50 140 mM NaH2PO4, 300 mM NaCl, 30 mM imidazole, pH 8.0) and then washed three times in 50 and the H6N6-NS1Δ80-84 were collected at Advanced Light Source using beamline 5.0.1.
176
Data Processing and Structure Determination. Crystals of FL H6N6-NS1, belonging to P 6 1 2 177 2 space group, and H6N6-NS1Δ80-84, belonging to P 2 1 space group, diffracted to a resolution 178 of 3.16Å and 2.7Å, respectively. Diffraction data for both crystals were processed using iMosflm 179 (24) and scaled using SCALA as implemented in CCP4 6.0.2 software package (25). Quicksym 180 subprogram in iMosflm unequivocally identified the space groups. Noticing that diffraction data 181 for FL H6N6-NS1 were anisotropic, the data were corrected for anisotropy using the UCLA MBI 182 server (26), which suggested truncation of data to ~3.1 Å. The resulting data were used for MR 183 and refined with the PHENIX package (27) ( crystallized in the P 6 1 2 2 space group and contains one molecule in the asymmetric unit (AU).
200
The structure was determined using molecular replacement to a resolution of 3.1 Å ( Table 1) .
201
The overall polypeptide folds of the RBD and the ED in the H6N6 NS1 are similar to previously 202 determined structures of the individual domains (12, 23, 32) (Fig. 1A) . The LR connecting the 203 RBD and ED, with a clear electron density (Fig. 1A) , shows an extended random coil structure 204 except for a well-defined type I β-turn between the residues 74 through 77 (Fig. 1A inset I ). This which further stabilize the compact structure (Fig. 1A inset II) .
210
Upon inspection of the crystal packing of H6N6 NS1, we observed that pairs of NS1 211 molecules, related by crystallographic 2-fold axis, intertwine through their LRs with each ED 212 subunit positioned at an angle with respect to RBD dimer to form a Y-shaped dimer (Fig. 1B) showed a major peak corresponding to a dimer as well as a broad peak corresponding to higher 264 molecular weight oligomers (Fig. 3A) . Similar results were obtained with a VN/04 H5N1-NS1
265
W187Y mutant in which the major peak corresponds to the NS1 dimer and also forms multimers,
266
albeit to a lesser extent than the H6N6-NS1 wildtype and W187Y mutant (Fig. 3A) .
Additionally, we also analyzed the oligomeric state of H6N6-NS1 using analytical gel filtration 268 at concentrations ranging from 11 μM -92 μM, and found that the H6N6-NS1 remained dimeric in the P 2 1 space group, was determined to 2.7 Å using molecular replacement techniques (Table   284 1). Surprisingly, in this crystal structure, the two molecules in the AU interact with each other 285 forming a closed dimer involving both ED and RBD interactions between the opposing subunits.
286
This is in contrast to dimers observed in either the wild type H6N6-NS1 or the VN/04 H5N1-
287
NS1 structures in which only the RBD is involved in dimer formation (Fig. 4B) we examined all available H5N1-NS1 sequences and found that the VN/04 H5N1-NS1 has a 312 unique substitution at position 71. In the majority of H5N1-NS1 sequences the amino acid 313 residue at position 71 is a Glu residue (E71) (Fig. 5) . However, a small portion of H5N1-NS1s, Our structural studies in conjunction with the VN/04 H5N1-NS1 provide representative 363 structures defining three broad classes of NS1 (Fig 6A) . Class I, represented by our H6N6-NS1, 'closed' (H6N6-NS1Δ80-84) (Fig. 6D) conformations. Although the preference for these states 
383
A simple working model that can be proposed based on the available information is 384 depicted in Fig. 7 . Early in infection, when the concentration of NS1 is low, NS1 may exist as a 385 monomer (Fig. 7A) or at a thermodynamic equilibrium between monomer and dimeric forms (Fig. 7B) . Monomeric NS1 may be favored when NS1 undergoes structural changes, for 387 instance, when in complex to PI3K (13) (Fig. 7C) . Later in infection, as the concentration of 388 NS1 increases, dimeric forms of NS1 may be the predominant species and may come together to 389 bind dsRNA, forming oligomeric/tubular structures, as has been proposed previously via the type
390
A ED-ED interactions (23, 33) (Fig. 7D) . 
